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Available online 29 March 2012AbstractThe total solar irradiance (TSI, or solar constant) acquired a new value: 1361 W m2 instead of 1365 W m2. However a long-
term variation of TSI was not detected. The solar irradiance at the earth’s surface is considerably smaller (170 W m2) than
previously believed (e.g. 198Wm2 of IPCC AR4). The previous overestimation is due to the underestimation of the absorption of
solar radiation in the atmosphere. The absorption of solar radiation in the atmosphere at about 90Wm2, or 25e28% of the primary
solar radiation from space. The global mean atmospheric downward terrestrial radiation is much larger (345 W m2) than
previously assumed (325Wm2 of IPCCAR4). The Arctic has regions of negative annual net radiation, a very rare phenomenon on
the globe. These regions are the Central Arctic Ocean with its multi-year ice coverage and the accumulation area of the Greenland
ice sheet. The energy balance of these regions is presented. Long-wave incoming radiation has been increasing in the Arctic at a rate
of 4e5Wm2/Decade. The Greenland ice sheet exhibits a large vertical difference in net radiation from the ablation area to the dry
snow zone in summer. It ranges from 80Wm2 in the ablation area to 20Wm2 at the equilibrium line and to 10Wm2 in the dry
snow zone. This gradient determines the melt gradient on the ice sheet, and is mainly caused by the altitude variation in atmospheric
long-wave radiation, seconded by the albedo variation. The effect of albedo in summer for various surfaces is discussed. Simulation
capabilities of radiation for many GCMs are investigated.
 2012 Elsevier B.V. and NIPR. All rights reserved.
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The climate is to a great extent determined by the
energy balance. Radiation in particular plays a decisive
role, causing most observed climate changes. In the
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doi:10.1016/j.polar.2012.03.003balance of the climate system is presented. Firstly, the
development in the Arctic relevant global scale energy
balance is briefly reviewed, followed by a detailed
presentation for the Arctic region. The materials used
for the present article are the reports on various energy
flux components published during the last decade. In
some cases much older materials are used, if the
materials were overlooked by our community. The
main body of information is the unpublished observa-
tions in the Global Energy Balance Archive (GEBA/
WCRP) and Baseline Surface Radiation Network
(BSRN/WCRP, GCOS), which the author compiled forreserved.
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lations based on the International Satellite Cloud
Climatology Project (ISCCP) D2 data (Rossow and
Schiffer, 1998) for the period from 1991 to 1995 are
also used, where a wide geographic coverage was
needed.
2. Recent findings in the global energy balance
Since recent developments on the global energy
budget totally have rewritten the widely circulated
views, the present section is dedicated to presenting
these new developments. The focus is given, however,
to the arctic relevant processes. The most widely
accepted annual mean global energy balance is repro-
duced in Fig. 1: Estimate of the earth’s annual mean
energy balance of the fourth assessment report of the
Intergovernmental Panel on Climate Change (IPCC)
(Le Treut et al., 2007). This figure was exactly the
same as the one previously published as Fig. 1.2 in the
earlier third IPCC assessment report (Baede et al.,
2001), which appeared six years earlier, and both are
exact copy transcriptions of the figure in Kiehl and
Trenberth (1997). Clearly the figures lack in impor-
tant information acquired during the last 15 years. The
present section intends to correct the widely circulating
and outdated global energy balance.
The total solar irradiance (TSI, solar constant in the
old terminology) is the primary and sole energy source
for the global climate system, and has a profound
effect on the climate. Recently, two independent worksFig. 1. The last IPCC proposal of the global energy balance and
problems. The fluxes that were improved during the last decade are
marked with red question marks. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web
version of this article.)significantly changed the previously accepted value.
One is based on the observation of TSI with a drasti-
cally improved radiometer (Kopp and Lean, 2011) and
the other after correcting the instrument error in the
original radiometer (Fro¨hlich, 2009). The new value of
the TSI is 1361 W m2, which makes the mean global
top of the atmosphere (TOA) solar irradiance
340 W m2, instead of the earlier 342 W m2. The
most significant discovery during the three decades’
TSI observation from space is the periodicity of the
TSI fluctuation, proportional to the well-known 11-
year relative sunspot number with its amplitude as
0.45 W m2. Equally important is the discovery that in
the homogenized observation series since November
1978, no statistically significant trend is found
(Fro¨hlich, 2009). This finding is important as it buries
for good the shaky assertion that the present warming
climate was due to increasing emission of the heat by
the sun (Berner, 2001). The effect of the TSI reduction
on modelled climates remains to be seen.
The next important point is the planetary albedo.
Raschke and Ohmura (2005) recently re-evaluated the
global mean planetary albedo of the earth based on the
ISCCP D2 material to obtain 0.31 for the period of five
years from 1991 to 1995. Other authors, for example,
Barkstrom et al. (1900) earlier presented 0.30, while
Peixoto and Oort (1992) reported 0.31; Rossow et al.
(2006) 0.31. The GCM capability for simulating the
planetary albedo is good, ranging between 0.29 and
0.31, whereby the majority clusters around 0.31
(Charlson et al., 2005).
The global mean planetary albedo exhibits a clear
bimodal seasonal variation with peaks in May (0.305)
and December (0.311), and minima in March (0.290)
and in September (0.285) (Personal communication
through E.F. Harrison in 1991, based on ERBS,
NOAA9 and NOAA10 for the period from February
1985 to May 1989). In the course of a year it changes
over 0.026, which causes the variation in the TOA net
radiation of 9 W m2. TOA albedo shows also a long-
term change caused by SO2 eruption that reaches the
stratosphere. The ISCCP Flux D2 provides the case of
the Mount Pinatubo eruption, causing a fast increase of
the planetary reflection by þ6 W m2 (albedo equiv-
alent of þ0.018) that took almost 3 years to return to
the normal condition (Personal communication
through W.B. Rossow in 2002, based on the results of
the then on-going ISCCP analyses. Similar data are
now available from the ISCCP website.)
It appears that the planetary albedo is presently
quite well established. However, the difference of 0.01
in planetary albedo is equivalent to 3.4 W m2 of TSI
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these values should be determined to the third decimal
position in future evaluations.
The absorptance of the atmosphere, on the other
hand varies over a wide range. The classic work by
Budyko (1956) presented 0.16, which was later cor-
rected to 0.24 (Budyko, 1963). Sellers (1965) thought
0.17 to be representative. Since this value appeared in
his textbook that was widely read by graduate students
of the 1960s, the value of 0.17 became the most
frequently quoted atmospheric absorptance. More
recently, Budyko et al. (1988) presented 0.26, Ohmura
and Gilgen (1993) gave 0.28, Kiehl and Trenberth
(1997) 0.20, and Hatzianastassiou et al. (2005) 0.28.
There are two groups of works, one presenting an
absorptance of less than 0.20 and the other with more
than 0.25. The difference of 0.05 is equivalent to
a mean global flux of 17 W m2. This is probably the
most serious discrepancy in solar radiation clima-
tology, as it causes a significant difference in the solar
irradiance at the earth’s surface. The realistic range of
the atmospheric absorptance is between 25 and 28. The
consequence of the underestimation of this component
will later be discussed with respect to the earth’s
surface solar global radiation in detail.
Where has this great difference come from? The
main reason for the absorptance underestimation was
due not to the underestimation of the absorption due to
clouds (Cess et al., 1995) as was often believed, but to
the underestimation of the absorption by water vapour
(Ohmura, 2006). Since water vapour exerts the stron-
gest absorption in the atmosphere, this error causes
a serious impact on the atmospheric energetics and also
the distribution of solar radiation on the earth’s surface.
The estimation of atmospheric absorption of solar
radiation was often based on the absorption coeffi-
cients determined before 1970s. Since the spectro-
metric technology of absorption coefficients for gases
has made significant progress since 1980s, the climatic
computation of this process should be based on the
new results of the modern spectrometry. A 1-D
numerical experiment carried out on MODTRAN with
plausible global mean concentrations (H2O: 250 mm;
O3: 350 DU and other trace gases as the standard input
from MODTRAN4) of radiatively active gases and
material gave an absorption by water vapour of
70 W m2, which gives the absorptance of 0.21
(Ohmura, 2006). The water vapour absorption alone
turned out to be larger than the absorption by all
absorbing agents in the atmosphere in many earlier
works (e.g., Kiehl and Trenberth, 1997). Since this
value is only slightly affected by the experiments withand without clouds, one can conclude that the earlier
estimation contained a major miscalculation.
One can examine the atmospheric absorption of
solar radiation through a method completely indepen-
dent of the spectrometry-based calculations discussed
above. If one has established TOA and BOA short-
wave net radiation, the difference between these
values is exactly the atmospheric absorption. This
approach is probably the most accurate method for
estimating the total absorption of solar radiation,
although the contribution of each absorbing agent will
not be known. This method used the best material
available at that time and obtained an atmospheric
absorptance of 0.278 (equivalent of the global
absorption of 95 W m2). This result corresponds very
well with the spectrometric calculation of the previous
paragraph. Earlier absorption coefficients of water
vapour were indeed, too small. Above all, the Fowle
equation (Abbot and Fowle, 1908) used for many
decades in earlier works was found to give an under-
estimation in the atmospheric absorption of solar
radiation by water vapour. By adding other atmo-
spheric absorbing agents, one can realistically estimate
the total amount of solar radiation absorbed by the
atmosphere to be at least 90 W m2. This difference of
more than 20 W m2 in comparison with the IPCC
AR4, could cause a major climate change.
The GCM simulations of the atmospheric absorp-
tion can be best compared with the twenty AMIP II
participating GCMs. The GCM simulated atmospheric
absorptance varies over a wide range, from 0.17
(atmospheric absorption of 57 W m2) with Cola and
CCCM/GCM2 to 0.25 (atmospheric absorption of
87 W m2) by ECHAM4 (Wild, 2005). The subsequent
work by Wild and Roeckner (2006) in evaluating
ECHAM series GCMs gave 0.26 (atmospheric
absorption of 90 W m2) with ECHAM4. Therefore,
many GCMs have not yet caught up with the best
information of the atmospheric absorptance of solar
radiation. The general trend of the GCM simulation is,
however, approaching values close to 0.26
(90 W m2).
The earth’s surface solar global irradiance is
extremely important as the major heat exchanges in the
climate system take place here. Earlier works tended to
overestimate this component, partly due to the lack of
high quality observations, but mainly by treating the
atmosphere as too transparent. IPCC AR4 (Le Treut
et al., 2007) presents the global mean surface solar
radiation as 198 W m2, which is equivalent to the
annual mean solar global radiation in tropical Hawaii.
Solar radiation at the surface has started to reveal
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controlled data sets, such as Global Energy Balance
Archive (GEBA) and Baseline Surface Radiation
Network (BSRN) have become available. The newly
obtained fluxes generally show smaller values of solar
global radiation. Hatzianastassiou et al. (2005), for
example, yielded 175 W m2, while Raschke and
Ohmura (2005) proposed an even smaller
169 W m2. One must recall that Budyko et al. (1988)
already published 168 W m2 two decades earlier.
GCM simulations of this component ranged between
170 and 207 W m2 in the AMIP II comparison (Wild,
2005). There are clearly two groups among the AMIP
participants, one yielding very large values such as
195 W m2 by NCAR, 197 W m2 by SUNYA and
207 W m2 by Cola, while the other with clearly
smaller values, such as 170 W m2 by MRI,
172 W m2 by CNRM and 174 W m2 by MPI. The
comparison with ground observations suggests that the
realistic value for the global mean solar radiation at the
surface is about 170 W m2. This value can change
over 5 W m2, especially by changing the aerosol
load (Ohmura, 2009).
Long-wave (terrestrial) incoming irradiance is
another component with large discrepancies. IPCC
AR4 presents 324 W m2 for this flux. The GCM
simulations range from 325 W m2 by UNIUC to
347 W m2 by MPI. No model could reproduce theFig. 2. Longitudinal distribution of the climatological annual mean long-wa
level are expressed as red circles. Black circles indicate observations carried
in this figure legend, the reader is referred to the web version of this articlIPCC’s low value of 324 W m2. The reason for the
underestimation of the atmospheric emission is the
same as for the overestimation of the surface solar
radiation. Both errors stem from the traditional
underestimation of the water vapour absorptance
(emittance) in the wavelengths ranges both for solar
and terrestrial radiation. The longitudinal distribution
of annual mean long-wave incoming radiation, which
has just become available from the BSRN archive is
presented in Fig. 2. The figure suggests the global
mean long-wave incoming radiation is in the neigh-
bourhood of 345 W m2 at the sea level.
3. Annual energy balance in the Arctic
The present section on the fluxes in the Arctic will
be presented based on observed irradiances by GEBA
and BSRN and the computed fluxes with ECHAM4
and ISCCP D2 material. While point observations are
available from GEBA and BSRN, the coverage of the
Arctic Ocean is only possible with model and satellite-
based data. ECHAM4 is the results of the simulation of
the present climate (1979e1996) (Wild et al., 1997),
and the ISCCP-based computations were made for the
five years period from 1991 to 1995 (Raschke and
Ohmura, 2005).
First, the annual mean net radiation for the Arctic
was examined based on the ECHAM4 output. Theve incoming radiation. The values obtained at the stations near the sea
out at higher elevations. (For interpretation of the references to colour
e.)
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Ocean and the marginal land surfaces, has only small
net radiation. This has been known. However, the
central region of the Arctic Ocean with the area of
about 4  106 km2 turned out to have negative net
radiation. The sign of the annual net radiation on the
Arctic Ocean has long been an object of disputes
between two pioneers of the Arctic radiation,
Gavrilova (1963) and Marshunova (Marshunova and
Chernigovskii, 1971). The present result turned out to
support the assertion by Marshunova. The main cause
for the negative net radiation is the high albedo.
Further regions of negative net radiation are seen
over the Greenland ice sheet and ice-covered moun-
tainous regions of Ellesmere Island. The annual net
radiation for Summit agrees very well with the 5 years’
observations with the mean of 10 W m2. This
suggests that smaller ice caps on other Queen Elizabeth
Islands in the Canadian Arctic, such as Devon Island,
Coburg Island, Axel Heiberg Island, Meighen Island,
and Melville Island may also have negative annual net
radiation. Their small size just did not offer enough
resolution for the model computation. Even stronger
negative net radiation appears on the middle slope of
the Greenland ice sheet. On the ice sheet, net radiation
does not decrease monotonically with altitude. It hits
its minimum value on the middle slope and starts to
increase towards Summit and its extending ridges. This
distribution pattern was suggested earlier by T.
Yamanouchi (personal communication in 2003). The
present analysis of other fluxes suggests that the
strongest negative net radiation on the ice sheet’s slope
region is caused by the stronger downward flow of
sensible heat in the katabatic wind zone.
4. Energy balance of Arctic in summer
In a course of a year the energy exchange process
on the Arctic surface shows two distinctive modes.
During the winter long-wave atmospheric radiation and
sensible heat as a source and the surface radiative
emission as a sink dominate the surface energy
balance. On the sea sensible heat is supplied both from
the atmosphere and the seawater. During the summer
the exchange process is more active and can be quite
different regionally. As a second energy source,
absorbed solar radiation joins long-wave incoming
radiation that remains as the prime source. The energy
sinks divert greatly depending on whether the surface
is snow and ice-covered or free of them. Most field
observations were carried out in this season with
abundant data. Therefore, in the present section thenotable progresses in the energy balance in summer
will be presented.
Potential solar radiation at TOA shows a relatively
homogenous distribution in summer with maximum at
North Pole with a secondary peak at 35 N. The
ISCCP-based computation of solar global radiation of
summer (June, July and August) indeed shows the
small region of the maximum solar global radiation
around the pole with 255 W m2. Out of 38 Russian
North Pole-series drifting stations, 17 stations spent
some or all of the summer months (JJA) within 500 km
of the North Pole. Additionally, the French/Swiss
Arctic Radiation Balance Experiment (ARBEX 2002)
brought back a set of high quality radiation data from
the region of the North Pole. The mean solar global
radiation from all these sources for JJA is 220 W m2.
Probably the computed value is too high as the GISS/
NASA atmospheric model that was used in ISCCP is
too transparent. The comparison with BSRN sites
suggests that for the Arctic region, the ISCCP
computed solar global radiation must be reduced by
20 W m2. The ISCCP distribution map, however, can
be relied on as a useful source of relative values
(Raschke and Ohmura, 2005). Therefore, the mean
solar global radiation in the central region of the Arctic
Ocean in summer (JJA) is estimated at between 220
and 235 W m2.
The high altitude region of the Greenland ice sheet
above 2000 m a.s.l. shows another large area with high
solar global radiation in summer. The ISCCP compu-
tation shows 280 W m2 for the region above 3000 m.
The 5 years mean observed global radiation at Summit
(GISP2 site, 3203 m a.s.l.) is 305 W m2. In this case,
it appears that ISCCP cloud amount is probably over-
estimated over Greenland, as cloud surfaces are not
correctly distinguished from glacier surfaces. There are
four sites on the mid-west slope of the ice sheet, at
altitudes of 510 m, 1004 m, 1155 m, 1850 m, where
radiation was observed. Two sites (510 m and 1155 m)
have several years’ observations. In addition Summit at
3203 m a.s.l. has more than 10 years’ observation. This
situation makes the cross-section of the ice sheet from
Summit westward to Jakobshavn, roughly identical to
the EGIG (Expe´dition Glaciologique Internationale au
Groenland) Line, the best-observed area of the ice
sheet. A comparison of these sites shows that solar
global radiation in the lower ablation area in summer
(240 W m2) is comparable to that in the Alps, except
that the former is slightly larger due to multiple
reflection between the glacier surface and the sky. In
the higher ablation area towards ELA (1160 m a.s.l.,
290 W m2) global radiation increases sharp at a rate
10 A. Ohmura / Polar Science 6 (2012) 5e13of 8 W m2/100 m. The accumulation area of the ice
sheet forms a vast region of relatively homogenous
global radiation at around 300 W m2.
The high albedo of the Arctic plays a profound role
in the summer energy balance. The mean albedo of the
marginal Arctic seas depends strongly on the existence
or absence of sea ice. Summarizing the observations
carried out at the drifting stations, the mean albedo of
the melting sea ice in summer is strikingly homoge-
nous at 0.7 irrespective of latitude. This is also verified
by the observation at SHEBA tower site (Persson et al.,
2002) and ARBEX 2002. The mean albedo of open
water in the Arctic Sea in summer is at 0.09, somewhat
higher than at lower latitudes, primarily because the
solar elevation is chronically lower (Raschke and
Ohmura, 2005). Therefore, the albedo of the Arctic
Ocean including the marginal seas is mainly deter-
mined by ice concentration. The summer albedo in the
marginal Arctic seas ranges from 0.1 to 0.5. The
albedo in the central region of the multi-year ice field
around North Pole remains slightly above 0.7 (0.72).
The summer albedo for various land surfaces in the
Arctic was investigated by Raschke and Ohmura
(2005). The result is summarized in Table 1. The
Arctic surfaces exhibit a tremendous change in the
energy balance and temperature development after the
melt, mainly because of the change in albedo. The
albedo difference is also the main cause of the regional
climatic difference in summer. An important exception
in the albedo distribution of the Arctic in summer is the
Greenland ice sheet. More than 90% of the ice sheet is
in the accumulation area that preserves high albedo
throughout the summer. Because of the high albedo in
the accumulation area of the Greenland ice sheet, less
than 60 W m2 of solar radiation is absorbed. This
situation is similar to the central region of the ArcticTable 1
Albedo for land surfaces in the Arctic in summer (June, July and August): in
snow cover.
Surface Surface subdivision
Glacier Accumulation area
Equilibrium line area
Ablation area
Nunataks and moraines
Snow cover clean, before melt
clean, during melt
dirty
Tundra after snow melt
Bog and Muskeg after snow melt
Lakes after ice melt
Updated based on Raschke and Ohmura (2005); Albedo in brackets are forOcean (65 W m2). Nevertheless, this amount is larger
than the mean long-wave net radiation in the Arctic in
summer. Regional mean long-wave net radiation
ranges from 30 to 35 W m2 in the coastal region,
while it ranges from 40 to 50 W m2 in the interior
of the Arctic islands and the Greenland ice sheet in
summer. Consequently, there is no negative net radia-
tion in the Arctic in summer. Globally viewed the
entire summer hemisphere has positive surface net
radiation. The small absorption of solar radiation in the
high albedo regions, however, is partially responsible
for the negative annual net radiation in the central
region of the Arctic Ocean, and the accumulation area
of the Greenland ice sheet.
5. Three important aspects of energy balance in
the Arctic
There are at least two aspects in the energy balance
climate that should draw attention. The first is the
positive net radiation on the ice sheet in summer. Even
with its high albedo the ice sheet has positive net
radiation in summer. In terms of monthly means, net
radiation at Summit is positive from May to August.
Considering the diurnal change, net radiation turns
positive at 4 o’clock in True Solar Time (TST) in
summer and continues to be positive for 14 h until 18
o’clock in TST. Since there are good grounds to esti-
mate that this pattern prevails on the dry snow zone of
the ice sheet (estimated 45% of the entire ice sheet), it
is difficult to explain the energy source for the kata-
batic wind, which is traditionally attributed to negative
net radiation. Fig. 3 presents in (a) the mean diurnal
course of irradiances and in (b) the energy balance
components. Fig. 3(b) shows that the positive net
radiation on the dry snow zone does not heat theother seasons the surface is likely to possess the same albedo and the
Observed range Most frequent albedo
0.57e0.85 0.75 (0.82)
0.37e0.77 0.65 (0.75)
0.11e0.70 0.35 (0.55)
0.09e0.28 0.21
0.65e0.85 0.70
0.3e0.6 0.4
0.2e0.4 0.3
0.07e0.22 0.15
0.05e0.17 0.11
0.02e0.16 0.08
Greenland ice sheet.
Fig. 3. Diurnal course of radiation (a) and energy (b) fluxes observed at Summit, Greenland. The values are 30 min values averaged for June and
July in 2001 and 2002.
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because the heat intake by the sub-surface, the snow
cover is very fast. The average sub-surface heat flux in
summer for a surface such as the tundra is about 10%
of net radiation. At summit nearly half of the net
radiation is taken into the sub-surface snow layers,
which prevents a quick warming of the atmosphere
through sensible heat flux. The sensible heat startsflowing upward at 8 o’clock TST, 4 h after net radia-
tion turned positive. The sensible heat flow turns
downward at 16 o’clock, 2 h before net radiation turns
negative. This efficient transfer of heat into the sub-
surface snow layer is due to the direct absorption of
solar radiation by the semi-transparent snow cover,
rather than to heat conduction. As a result only a small
part of net radiation is carried as sensible heat into the
12 A. Ohmura / Polar Science 6 (2012) 5e13atmosphere. Also a steady loss of heat by sublimation
is the second factor suppressing atmospheric warming.
Accordingly, the air over the vast accumulation area of
the Greenland ice sheet remains cool despite relatively
large surface net radiation in summer.
The second point of interest is the long-term change
in the energy balance. The energy balance discussed
above is not constant with time. For instance the
increasing concentration of the greenhouse gases in the
atmosphere causes an increase in the atmospheric
emission of radiation, before it causes the temperature
to rise. If the atmospheric emission is not increasing,
the cause of the present warming must be sought for
elsewhere. As a change in radiation is the cause of
most climate changes, the detection of the irradiance
changes is one of the most important tasks in envi-
ronmental monitoring. Almost twenty years ago,
World Climate Research Program (WCRP) launched
BSRN, primarily to detect such changes. In the Arctic
two BSRN stations have been operating, one at
Barrow, Alaska and the other at Ny A˚lesund on Sval-
bard. Annual mean long-wave incoming radiation at
Barrow and Ny A˚lesund are presented in Fig. 4. On an
average long-wave incoming radiation has been
increasing at Barrow and Ny A˚lesund at a rate of 4.2
and 4.9 W m2/decade, respectively. At Barrow and
Ny A˚lesund the observed temperature changes during
the last 20 years were þ1.00 C/decade and þ1.18 C/
decade, respectively. The increases in long-wave
incoming radiation expected by a sheer increase in
temperature are 3.2 W m2/decade and
3.4 W m2/decade, respectively. Therefore, 1.0 to
1.5 W m2/decade must be attributed as due to changes
other than temperature. As possible sources for the
emission increase, the greenhouse gas increase, waterFig. 4. Decadal change in incoming long-wave radiation at two
BSRN sites, Barrow, Alaska and Ny A˚lesund, Svalbard.vapour feedback as a result of the temperature rise, and
a change in clouds can be considered. The task remains
to clarify how the increase of 1.0e1.5 W m2/decade
can be attributed to these three factors. It is worthy to
note that the long-wave incoming radiation in the
Arctic shows an increasing trend at 4.2e4.9 W m2/
decade, which is considerably larger than the global
mean increasing rate of 2.5 W m2/decade.
The third point is related to the latent heat of fusion
released by freezing of the sea ice. The receding sea
ice front in the northern Atlantic was speculated to
cause a deceleration or even a halt of the northward
flow of the Gulf Stream, which could cool Europe
(Broecker, 1997). This hypothesis, if true, is one of the
most serious negative feedbacks in the climate system
and deserves a serious examination. Sea ice is
a seasonal phenomenon. Up to now, a marked reces-
sion has been observed at the minimum extension in
September. The frontal position at its maximum extent
in late March or early April has not changed greatly.
This unbalance is causing an increase in sea ice extent
that must be frozen between September and March
each year. The increase in the extent does not a priori
mean the increase in ice volume that is the ice
production rate over the half year. If the thickness of
the first year ice in the northern Atlantic were to
remain unchanged, the ice production must increase,
which induces the increase in the heavy water
production, activating the thermohaline circulation. At
least the climate warming does not mean straight the
halting of the northern drift of the Gulf Stream. To
clarify this hypothesis, the investigation of the sea ice
thickness of first year ice in the northern Atlantic holds
the key.
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